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SPECIFICATION 

1. TITLE OF THE INVENTION: 

METHOD OF FORMING POL YCRYSTALL INE SILICON THIN FILM 

2. CLAIMS: 

1. A method of forming a polycrystalline silicon thin film, 
which comprises using a disilane or a trisilane as a 
reaction gas, decomposing the reaction gas at a temperature 
of not higher than 550 *C to accumulate in an amorphous 
state, and subjecting to a heat treatment at a temperature 
higher than the accumulation temperature to polycrystallize 
it. 

2. A polycrystalline silicon MOS-type field effect 
transistor, wherein source and drain regions are formed in 



said polycrystalline silicon thin film, and a current 
passage is formed by the polycrystalline silicon thin film. 

3. A polycrystalline silicon MOS-type field effect 
transistor, characterized in that said amorphous silicon 
film is oxidized for a short time by lamp heating in an 
oxygen atmosphere to form a gate oxide film, or after 
subjecting to short-time annealing or short-time oxidation 
by lamp heating, an insulating film is accumulated thereon 
by chemical vapor deposition to form a gate insulating film, 
or after accumulating the insulation film by chemical vapor 
deposition, short-time annealing or short-time oxidation by 
lamp heating is carried out to form a gate insulating film. 

4. A complementary MOS element, wherein said 
polycrystalline silicon MOS-type field effect transistor is 
used in at least one side. 

5. A complete CMOS- type static random access memory 
comprising a flip-flop circuit composed of a pair of 
inverters loaded with said polycrystalline silicon MOS-type 
field effect transistor and transmission MOS transistors 
each connected to each of outlets thereof. 

3. DETAILED EXPLANATION OF THE INVENTION: 
[Industrial Field of Application] 

The present invention relates to a semiconductor device 
and a method of production of the same, and particularly, to 
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a semiconductor device suitable for reducing an off current 
of a polycrystalline Si MOS-type field effect transistor, 
reducing an absolute value of a threshold voltage, and 
increasing an operation current, and to a method of 
production of the same. 
[Prior Arts] 

As discussed in IEEE Electron Device Lett., EDL-5, pages 
468 to 470 (1984), in a polycrystalline Si MOS-type field 
effect transistor, to form a polycrystalline Si film of 
channel portions, a low-pressure chemical vapor-phase 
deposition method has hitherto been used in a temperature 
range of from 600 to 650 "C using a monosilane gas as a 
reaction gas. 

[Problems that the Invention is to Solve] 

However, in the above-described conventional technique, 
the crystallinity of a polycrystalline Si film becoming a 
channel region and the smoothness of the interface between 
the polycrystalline Si and a gate insulating film are not 
considered, and thus, there have been problems that an off 
current is large, an absolute value of a threshold voltage 
is large, and an operation current is small. 

An object of the present invention is to provide a 
polycrystalline Si MOS-type field effect transistor, wherein 
the off current is small, the absolute value of the 
threshold voltage is small, and the operation current is 
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large and also a method of production of the same. 
[Means for Solving the Theme] 

The above-described object can be attained by increasing 
the crystal grain size of the polycrystalline Si film 
becoming a channel region and smoothening the interface 
between the polycrystalline Si film and the gate insulating 
film. 

For the purpose, in the formation of the polycrystalline 
Si film, in place of a conventional monosilane, a disilane 
or a trisilane is used as the reaction gas, the reaction 
product formed at a temperature of 550*C or lower but 450 "C 
or higher is accumulated and thereafter, by applying thereto 
a heat treatment, a polycrystalline Si film having a large 
crystal grain size and a smooth interface between the 
polycrystalline Si film and the gate insulating film could 
be obtained. 

By using the polycrystalline Si film as the channel 
region, the above-described problems can be greatly 
improved. 

[Action] 

The Si film accumulated at a temperature of 550 *C or 
lower by an LPCVD method using a disilane or a trisilane as 
the reaction gas is in an amorphous state, the Si film 
causes largely crystal growth by the heat treatment, and 
also, the surface thereof is very smooth. 
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Thus, in an MOS-type field effect transistor using the 
polycrystalline Si film as the channel portion, the off 
current is small, the absolute value of the threshold 
voltage is small, and the operation current becomes large. 
[Examples] 

Then, the invention is described in detail with 
reference to the accompanying drawings. 
Example 1 

A p-type Si substrate 11 is prepared and heat-oxidized 
to form an Si0 2 film 12 of 100 nm in thickness. Then, a 10% 

Si 2 H 6 gas (He base) is used as a reaction gas, and an 

amorphous Si film 13 is accumulated on the film at a 
thickness of 50 nm by a low-pressure chemical vapor-phase 
deposition method (hereinafter, is referred to as LPCVD 
method) at a temperature of 520 *C. Then, the amorphous Si 
film is patterned in an island form using a photoresist 
pattern as a mask by a dry etching method using a CC1 4 gas. 

Thereafter, by the LPCVD method using thermal decomposition 
of an SiH 4 gas and an N 2 0 gas, an Si0 2 film 14 is accumulated 
at a thickness of 25 nm. Then, heat treatment is carried out 
in an 0 2 gas atmosphere for 10 minutes at 900 *C, a gate 
oxide film is formed. Then, P is ion-implanted in the 
polycrystalline product 13 at 50 KeV and with a dose of 1 x 
10i2 C m-2 (Fig. 1 A) . 

Then, using an SiH 4 as a reaction gas, a polycrystalline 



Si film is accumulated at a thickness of 300 nm by the LPCVD 
method at 620 "C, and a gate electrode 15 is formed by a dry 
etching method using a CC1 4 gas with a resist pattern mask. 

Then, a heat treatment is carried out for 3 0 minutes in an 
0 2 gas atmosphere at 900 'C to form an Si0 2 film 16 of 10 nm 

in thickness and BF 2 is ion-implanted with a dose of 2 x 

10 14 cm-2 at 25 KeV to form p-type high-concentration impurity 
regions of a source-drain and a gate (Fig. 1 B) . 

Then, by the LPCVD method using a thermal decomposition 
using an SiH 4 gas and an N 2 0 gas, an Si0 2 film of 200 nm in 

thickness is accumulated and using a resist pattern as a 
mask, wet etching is carried out in an aqueous HF solution 
to form a contact hole. Furthermore, Al 17 of 0.9 jim is 
accumulated, and after forming a pattern of wiring using a 
photoresist pattern as a mask by a dry etching method using 
a BC1 3 gas and a CC1 4 gas, a heat treatment is carried out in 

a hydrogen atmosphere at 450 "C for 30 minutes (Fig. 1 C) .. 

In the polycrystalline Si p-channel MOS-type field 
effect transistor produced in the Example, the source was 
earthed, a voltage was applied to the drain and the gate 
electrode, and a drain electric current was measured. 

When in a polycrystalline Si p-channel MOS-type field 
effect transistor wherein the polycrystalline Si becoming 
the channel region was produced by a conventional LPCVD 
method using an SiH 4 gas at 620 *C, the same measurements as 



above were carried out, and the results were compared. As a 
result, in the channel length 1.6 fim- channel width 10 \xxa f 
the off current at the gate voltage of 0 volt was reduced 
from 3 6.4 pA to 5.9 pA, the operation current at the fate 
voltage of -4 V was increased from 0.01 fiA to. 0.7 jiA, the 
absolute value of the threshold voltage defined by the gate 
voltage at the drain current of 10 fiA was reduced from 3.8 V 
to 2.5 V, and the carrier mobility was increased from 0.7 
cm2/v-S to 5.0 cm2/V-S, and thus, the characteristics were 
greatly improved. 
Example 2 

By the same production method as in Example 1, a 
thermally oxidized film 22 is formed on a p-type Si 
substrate 21 and using an Si 2 H 6 gas as the reaction gas, an 

Si film 23 is accumulated in a thickness of 50 nm by an 
LPCVD method at 520 'C. Then, after carrying out the 
formation of an island, short-time oxidation by lamp heating 
is carried out in an 0 2 gas atmosphere for 150 seconds at 

1,150'C to form an Si0 2 film 24 of 25 nm in thickness as a 
gate oxidation film. Then, by the same production method as 
in Example 1, a polycrystalline Si gate electrode 25 is 
formed and after forming an Si02 film of 10 nm in thickness, 
ion implantation of BF2 is carried out. Furthermore, a CVD 
Si0 2 film 26 of 200 nm in thickness is accumulated, a 

contact hole is formed by wet etching, and after forming Al 
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wiring 27, a heat treatment is carried out in a hydrogen 
atmosphere. The cross section is shown in Fig. 2. 

In the polycrystalline Si p-channel MOS-type field 
effect transistor produced in this Example, the results of 
carrying out the same measurements as in Example 1 showed 
that the characteristics were greatly improved, such that 
the off current was 7.7 pA, the operation current was 4.2 
\XA, the threshold voltage was 1.7 V, and the carrier 
mobility was 6 cm 2 /V-S. 
Example 3 

Example 1 and Example 2 mentioned above are all the 
structure having a gate electrode on a gate insulating film. 
To the structure, there is a structure wherein a gate 
insulating film is formed on a polycrystalline Si gate 
electrode containing high-concentration impurities. This 
Example is an example of solving the problems in such a 
structure and is explained using Fig. 3. 

First, a p-type Si substrate 31 is prepared and 
thermally oxidized to form an Si0 2 film 32 of 100 nm in 
thickness. On the film is accumulated a polycrystalline Si. 
film of 150 nm by the LPCVD method, phosphorus diffusion 
with P0C1 3 is carried out at 875 'C, and using a photoresist 
pattern as a mask, a gate electrode 33 is formed by a dry 
etching method using a CC1 4 gas (Fig. 3 A) . 

Then, an Si0 2 film of 25 nm is accumulated by the LPCVD 
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method using SiH 4 and N 2 0 as the reaction gases and then, a 

heat treatment is carried out in an 0 2 gas atmosphere at 900 

°C for 10 minutes to form a gate oxidation film 34. On the 
film is accumulated an amorphous Si film 35 at 50 run in 
thickness by the LPCVD method at a temperature of 520°C 
using a 10% Si 2 H 6 gas (He base) as the reaction gas. Then, 

using a photoresist pattern as a mask, they are worked to a 
predetermined form by the dry etching method using a CC1 4 

gas. Then, an Si0 2 film 3 6 is accumulated by the LPCVD 

method at 15 nm in thickness and P is 1 x 10 12 cirr 2 
ion-implanted at 40 KeV in the polycrystalline Si (Fig. 3 
B) . 

Then, using a photoresist pattern as a mask, BF 2 is 2 x 

10i*cm-2 ion-implanted at 25 KeV to form a p-type 
high-concentration impurity layer of source-drain. 

Then, an SiQ 2 film 37 is accumulated at 200 nm by a CVD 

method and after carrying out a heat treatment in an N 2 gas 

atmosphere at 900°C for 10 minutes, using a photoresist 
pattern as a mask, a contact hole is formed in an aqueous HF 
solution by wet etching. Furthermore, Al 38 of 0.9 |xm is 
accumulated and after forming a pattern of wiring using a 
photoresist pattern as a mask by a dry etching method using 
a BC1 3 gas and a CCl 4 gas, a heat treatment is carried out in 

a hydrogen atmosphere at 450*C for 30 minutes (Fig. 3 C) . 



9 



In this Example, there are the same effects as in 
Example 1 and in channel length 1.6 nm-channel width 10 |im, 
the characteristics are greatly improved such that the off 
current was 10 pA, the operation current of 0.4 |XA, the 
threshold voltage was -2.5 V, and the carrier mobility was 5 
cm2/V-S. 
Example 4 

An example of applying the present invention to a 
complementary form MOS (CMOS) inverter is explained using 
Fig. 4. 

First, a p-type Si substrate 401 is prepared, and 
element separating regions 402 are formed using an ordinary 
selective oxidation method (LOCOS method) . After forming a 
gate oxidation film 403 of 17 nm by thermal oxidation, to 
control the threshold voltage of an n-channel MOS 
transistor, BF 2 is 1.5 x 10i2 cm -2 ion-implanted at 40 KeV 

(Fig. 4 A) . 

Thereafter, a polycrystalline Si film 404 of 250 nm is 
accumulated by the LPCVD method using an SiH 4 gas, after 

carrying out phosphorus diffusion to impart an electric 
conductivity, an Si0 2 film 405 of 100 nm is accumulated by 

the LPCVD method, and a gate electrode is formed by a dry 
etching method. Then, to form a low-concentration layer for 
an LDD structure, P is 1.2 x 10i2 C nr2 ion-implanted at 40 
KeV. Then, an Si02 film is accumulated at a thickness of 300 
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nm by the LPCVD method, a side wall 406 is formed at the 
side of the gate electrode by isotropic dry etching, and As 
is 5 x 10i5cm-2 ion-implanted at 40 KeV to form a 
high-concentration impurity region which becomes a source- 
drain (Fig. 4 B) . 

Then, after carrying out the activation of the 
impurities by heat treatment of 10 minutes at 900 "C in an N 2 

gas, an interlayer Si0 2 film 407 of 100 nm is accumulated by 

the LPCVD method. Then, using Si 2 H 6 as the reaction gas, an 

amorphous Si film 408 is accumulated at 50 nm in thickness 
by the LPCVD method at a temperature of 520°C. The film is 
worked to a definite form by a dry etching method using a 
photoresist pattern as a mask, an Si0 2 film of 25 nm is 

accumulated by the LPCVD method, and heat treatment is 
carried out in an N 2 gas atmosphere at 900°C for 10 minutes 
to form a gas oxidation film 40.9. Then, a polycrystalline 
Si 410 is accumulated at 250 nm by the LPCVD method using 
SiH 4 as the reaction gas, after working to a definite form 
by a dry etching method, a heat treatment is carried out in 
an 0 2 gas atmosphere at 900°C for 30 minutes to form an Si0 2 

film of 10 nm, and BF 2 is ion-implanted with a dose of 2 x 
10i4cm-2 at 25 KeV to form a p-type high-concentration 
impurity region of source-drain and a gate (Fig. 4 C) . 

Then, an interlayer Si0 2 film 411 of 300 nm is 
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accumulated by a CVD method, a contact hole is formed by a 
dry etching method, an Al 412 of 900 nm is accumulated, and 
after forming a wiring pattern by a dry etching method, a 
heat treatment is carried out in an H 2 gas atmosphere at 450 

°C for 3 0 minutes (Fig. 4 D) . 

Then, an Si 3 N 4 film is accumulated at 1 um by a plasma 

CVD method using an SiH 4 gas and an NH 3 gas as the reaction 

gas and after working to a definite form by a dry etching 
method, heat treatment is carried out in an N 2 gas 

atmosphere at 450°C for 30 minutes. 

When a ring oscillator of 7 stages was prepared using 
the CMOS inverter produced in the above-described method and 
the operation confirmation was carried out, the gate delay 
time per one stage was 350 PS. 
Example 5 

An example of applying the present invention to a memory 
cell of a complete CMOS-type static-random- access -memory 
(SRAM) is explained using Fig. 5. 

In this Example, a memory of the equivalent circuit 
shown in Fig. 5 A is constructed. As a load of a pair of 
inverters, a p-channel polycrystalline Si MOS-type field 
effect transistor is used. 

First, an n-type Si substrate 501 is prepared and after 
forming a p well 502 of a B concentration of 1 x 10 16 cm, 
element separating regions 503 are formed by a selective 
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oxidation method (LOCOS method) . 

After forming a gate oxidation film 504 of 17 nm by 
thermal oxidation, to control the threshold voltage of an 
n-channel MOS transistor, BF 2 is 1.5 x 10i2 C m-2 ion-implanted 

at 40 KeV (Fig. 5 B) . 

A connection hole for directly connecting the gate 
electrode of a driving MOS transistor and the diffusion 
layer of a transmitting MOS transistor is formed, a 
polycrystalline Si 505 of 250 nm is accumulated by the LPCVD 
method using an SiH 4 gas, after carrying out phosphorus 

diffusion using POCl 3 at 875°C, an Si0 2 film 506 of 100 nm is 

accumulated by the LPCVD method, and a gate electrode is 
formed by a dry etching method. Then, to form a 
low-concentration region for an LDD structure, P is 1.2 x 
10i3 C m-2 ion-implanted at 40 KeV. Then, an Si0 2 film of 300 nm 

is accumulated by the LPCVD method, a side wall 507 is 
formed at the side of the gate electrode by isotropic 
etching, and As is 5 x lO^cnr 2 ion- implanted at 40 KeV to 
form a high-concentration impurity region which becomes a 
source-drain (Fig 5 C) . 

Then, after carrying out the activation of impurities by 
heat treatment of 10 minutes ' at 900°C in an N 2 gas, an 

interlayer Si0 2 film 508 of 100 nm is accumulated by the 

LPCVD method. Thereafter, a connection hole for connecting 
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the gate electrode of a polycrystalline Si p-channel MOS 
transistor to the gate electrode of an n-channel MOS 
transistor, a polycrystalline Si of 100 run is accumulated by 
the LPCVD method using an SiH 4 gas, after accumulating an 

Si0 2 film of 20 run by the . LPCVD method, As is 2 x 10 15 cnr 2 

ion-implanted at 80 KeV, and after carrying out a heat 
treatment in an N 2 gas at 900°C for 10 minutes, the Si02 

film is removed by wet etching. 

Then, using a photoresist pattern as a mask, the 
polycrystalline Si film is worked into a definite form by a 
dry etching method to form a gate electrode 509. Then, an 
Si0 2 film of 2 5 run is accumulated by the LPCVD method and a 

heat treatment is carried out in an N 2 gas atmosphere at 900 

°C for 10 minutes to form a gate oxidation film 510. Then, 
after forming a connection hole for connecting the drain 
portion diffusion layer of a polycrystalline Si p-channel 
MOS transistor to the gate electrode of a counter inverter, 
using Si 2 H 6 as the reaction gas, an amorphous Si film 511 of 

50 nm is accumulated by the LPCVD method at a temperature of 
520°C. The film is worked into a definite form by a dry 
etching method using a photoresist pattern as a mask, an 
Si0 2 film of 15 nm is accumulated by the LPCVD method, and 

using a photoresist pattern as a mask, BF 2 is 2 x 10 14 crrr 2 

ion- implanted at 25 KeV to form a source-drain region (Fig. 
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5 E) . 

Then, an Si0 2 film 512 of 100 nm is accumulated by the 

LPCVD method and on the film is accumulated an Si0 2 film 513 

containing B and P by a normal pressure CVD method at 350 
nm in thickness. Then, after forming a connection hole for 
connecting the gate electrode of a transmitting n-channel 
MOS transistor to the word line thereof, TiN of 150 nm and W 
of 100 nm are vapor deposited (514) , and the layer is worked 
to a definite form by a dry etching method. Then, as a 
wiring interlayer film, an Si0 2 film 515 containing P is 

accumulated at 500 nm, after forming a connection hole for a 
data line, TiN of 150 nm and Al of 900 nm are vapor 
deposited (516), and the layer is worked into a definite 
form by a dry etching method. 

Finally, after carrying out a heat treatment in an H 2 

gas atmosphere at 450°C for 3 0 minutes, an Si 3 N 4 film of 1 (im 
is accumulated as a final protective film by a plasma CVD 
method using SiH 4 and NH 3 as the reaction gases, and after 
working into a definite form by a dry etching method, a heat 
treatment is carried out in an N 2 gas atmosphere at 450°C 

for 3 0 minutes (Fig. 5 F) . 

In the memory cell produced by the method described 
above, the cell area could be reduced to about 2/3 as 
compared with a conventional CMOS-type memory cell, wherein 
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six transistors were prepared in an Si substrate, as 
produced by the equal design rule. This is equal to a 
conventional high resistance load type memory cell. 

Furthermore, the stand-consumed electric current of the 
memory was 0.1 pA . per pit, which was 1/10 of the high 
resistance load type memory cell, and also in the memory, 
the soft error ratio could be reduced to several figures. 
[Effect of the Invention] 

As is clear from the above-described explanation, 
according to the present invention, by using the Si film 
formed using the thermal decomposition of Si 2 H 6 in place of 

SiH 4 , which has hitherto been used, for the channel region 

of a polycrystalline Si MOS-type field effect transistor, 
there are effects that the off current is reduced, the 
operation current is increased, and the absolute value of 
the threshold voltage is reduced. 

In the above-described Examples, the p-channel type 
field effect transistor was shown, but the invention is not 
limited to it but can be also applied to an n-channel type 
field effect transistor. Accordingly, in the CMOS inverter 
circuit set forth in Example 4, there is one wherein a 
p-channel MOS transistor is in an Si substrate and an 
n-channel MOS transistor is formed in polycrystalline Si, or 
both are formed in polycrystalline Si. 

Also, by applying a hydrogenat ion treatment of a 
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dangling bond, which is usually used for improving the 
characteristics of polycrystalline Si MOS type field effect 
transistors, far more improvements can be made. 

4. BRIEF EXPLANATION OF THE DRAWINGS: 

Fig. 1 A to Fig. 1 C are cross-sectional views showing 
the production steps of one example of the present 
invention; Fig. 2 is a cross-sectional view showing the 
structure of another example; Fig. 3 A to Fig. 3 C are 
cross-sectional views showing the production steps of the 
third example of this invention; Fig. 4 A to Fig. 4 D are 
cross-sectional views showing the production steps of the 
fourth example of this invention; Fig. 5 A is a view showing 
an equal circuit of a memory cell; and Fig. 5 B to Fig. 5 E 
are cross-sectional views showing the production steps. 

11, 21 p-Type Si substrate, 12, 22 Si02 film, 

13, 23 Channel portion polycrystalline Si film, 14, 24 

Gate oxidation film, 15, 25 Polycrystalline Si gate 

electrode, 16, 26 Interlayer Si02 film, 17, 27 Al 

wiring, 31 p-Type Si substrate, 32 Si0 2 film, 33 

Polycrystalline Si gate, 34 Gate oxidation film, 

35 Channel portion polycrystalline Si film, 36 Si02 

film, 37 Interlayer Si0 2 film, 38 Al wiring, 401 

p-Type Si substrate, 402 Element separating regions 

(Si0 2 films), 403 Gate oxidation film, 404 
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Polycrystalline Si gate electrode, 405 Si0 2 film, 406 

Side wall for LDD (Si0 2 ) , 407 Interlayer Si0 2 film, 

408 Channel portion polycrystalline Si film, 409 

Gate oxidation film, 410 Polycrystalline Si gate 

electrode, 411 Interlayer Si02 film, 412 Al 

wiring, 501 n-Type Si substrate, 502 p Well, 503 

Element separating regions, 504 Gate oxidation 

film, 505 Polycrystalline Si gate electrode, 506 

Si0 2 film, 507 Side wall for LDD, 508 Interlayer 

Si0 2 film, 509 Polycrystalline Si gate electrode, 510 

Gate oxidation film, 511 Channel portion 

polycrystalline Si film, 512 Si0 2 film, 513 Si0 2 

film containing B and P, 514 Word line (W/TiN) , 515 

Si0 2 film containing P, and 516 Data line (Al) . 

IN FIG. 5: 

Q x : Load p-MOS transistor 

Q 2 : Transmitting n-MOS transistor 

Q 3 : Driving n-MOS transistor 

W: Word line 
D: Data line 
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